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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nonaqueous 
secondary battery carbon electrode which has high capacity, a 
long life, and high safety by sintering graphite particles and 
carbon material having lower crystalline performance than the 
same on a metal collector having a catalytic action against 
carbon graphitization. 

SOLUTION: On or under the intervention of a metal collector 
15 having a catalytic action against carbon graphitization (for 
instance, foam nickel), graphite particles 16 (for instance, 
natural graphite and the like) and carbon material 1 7 havjfl g 
lower crystalline performance than the same (this precursor is 
tar or the like) are sintered to manufacture a carbon electrode 
for a nonaqueous secondary battery. The metal collector 15 is 
a three dimensional structure body, 
95%, and is made of matrix-like metal 
thickness. In the particles 1 6, the average face spacing (d002) of a (002) face by means of an 
X-ray wide angle diffraction method is set to 0.335 to 0.340nm, the crystal element thickness 
(Lc) in a (002) face direction is set to 10nm or more, and the crystal element thickness (La) in 
a (1 10) face direction is set to 10nm or more. Thereby, the useful carbon electrode is 




tal wiresof 20 to 200 fi m m 



obtained as the negative electrode of the nonaqueous secondary battery. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The carbon electrode for non-drainage system rechargeable batteries which a crystalline carbon material 
lower than a graphite particle and this graphite particle is sintered, and is characterized by the bird clapper on the metal 
charge collector which has a catalysis to carbonaceous graphitization, or under an intervention. 
[Claim 2] The carbon electrode for non-drainage system rechargeable batteries according to claim 1 whose 
microcrystal thickness (La) of lOnm or more and the direction of a field (1 10) the microcrystal thickness (Lc) of 0.335- 
0.340nm and the direction of a field (002) is lOnm or more for the average spacing (d002) of the field according [ a 
graphite particle ] to an X-ray wide angle diffraction method (002). 

[Claim 3] The claim 1 which the metal charge collector which has a catalysis to carbonaceous graphitization becomes 
from the alloy containing iron, nickel, cobalt, or one or more them, or the carbon electrode for non-drainage system 
rechargeable batteries given in dyadic. 

[Claim 4] The carbon electrode for non-drainage system rechargeable batteries according to claim 3 with which the 
metal charge collector which has a catalysis to carbonaceous graphitization consists of a three-dimensional structure 
object. 

[Claim 5] The carbon electrode for non-drainage system rechargeable batteries according to claim 4 whose three- 
dimensional structure object is 60 - 95% of void content. 

[Claim 6] The carbon electrode for non-drainage system rechargeable batteries according to claim 4 or 5 with which the 
three-dimensional structure object consists of matrix-like metal wires of a 20-200-micrometer size. 
[Claim 7] at least ~ from a negative electrode, a positive electrode, and an ion conductor ~ becoming ~ a negative 
electrode ~ claims 1-6 - the non-drainage system rechargeable battery characterized [ any / one ] by being the carbon 
electrode for non-drainage system rechargeable batteries of a publication 

[Claim 8] The manufacture method of the carbon negative electrode for non-drainage system rechargeable batteries 
characterized by sintering a graphite particle and a carbon material on a metal charge collector or under mediation by 
mixing the precursor of a carbon material with a graphite particle, and calcinating after making the metal charge 
collector which has a catalysis to carbonaceous graphitization support the mixture subsequently. 
[Claim 9] The manufacture method of the carbon negative electrode for non-drainage system rechargeable batteries 
characterized by sintering a graphite particle and a carbon material under metal charge collector mediation by making a 
metal charge collector support a graphite particle, infiltrating the precursor of a carbon material and subsequently to a 
metal charge collector calcinating it by filling up with and compressing a graphite particle into the metal charge 
collector which consists of a three-dimensional structure object which has a catalysis to carbonaceous graphitization. 
[Claim 10] The manufacture method of the carbon negative electrode for non-drainage system rechargeable batteries 
according to claim 8 or 9 that the precursor of a carbon material is chosen from tar or a pitch. 
[Claim 11] The manufacture method of the carbon negative electrode for non-drainage system rechargeable batteries 
according to claim 8 or 9 obtained when the precursor of a carbon material dissolves polymeric materials in heating 
melting or a solvent. 

[Claim 12] the claims 8-1 1 which the metal charge collector which has a catalysis to carbonaceous graphitization 
becomes from the alloy containing iron, nickel, cobalt, or one or more them — the manufacture method of the carbon 
electrode for non-drainage system rechargeable batteries any one publication 

[Claim 13] the claims 8-12 whose microcrystal thickness (La) of lOnm or more and the direction of a field (110) the 
microcrystal thicknes s (Lr r ) nf 0 ^S-O.^UOnm anH the direction of a field (002) is lOnm or more for the average 
spacing (d002) of the field according [ a graphite particle ] to an X-ray wide angle diffraction method (002) - the 
manufacture method of the carbon electrode for non-drainage system rechargeable batteries any one publication 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the non-drainage system rechargeable battery 
which used the carbon electrode for non-drainage system rechargeable batteries, its manufacture method, and it. the 
carbon material with which this invention serves as an active material in more detail — a direct charge collector top ~ 
formation ****-- it is related with the non-drainage system rechargeable battery which used the high capacity by 
things, the long lasting and high carbon electrode for non-drainage system rechargeable batteries of safety, its 
manufacture method, and it 
[0002] 

[Description of the Prior Art] The miniaturization of pocket devices, such as electronic equipment and information 
machines and equipment, and lightweight-ization progress splendidly, and the rechargeable battery which drives them 
is becoming very important parts. Among rechargeable batteries, that a lithium secondary battery is lightweight and 
since it has high-energy density, promising ** is carried out as a power supply for a drive of a pocket device, and 
research and development are furthered actively. 

[0003] Generally as for the lithium secondary battery, the metal lithium is used for the negative electrode. However, if 
a charge-and-discharge cycle is repeated in this case, in order that a dendrite may generate and grow and may cause an 
internal short circuit on a metal lithium, rechargeable-battery-izing is difficult. Moreover, in order to prevent generation 
of a dendrite, using lithium alloys, such as a lithium aluminium alloy, for a negative electrode is proposed instead of the 
metal lithium. However, if deep charge and discharge are performed or it repeats a charge-and-discharge cycle also by 
this case, sufficient property will not be acquired in order that the segregation of an alloy etc. may start. 
[0004] Then, a carbon material is made into host material, the cell using the negative electrode using the insertion 
elimination reaction of a lithium ion is proposed, and research and development have been furthered and put in 
practical use. The lithium secondary battery which used the carbon material for the negative electrode is excellent in a 
cycle property and safety. However, while a carbon material has a gestalt even with amorphous carbon broad from a 
graphite, the physical-properties values of a carbon material also differ according to a gestalt. Moreover, the detailed 
organizations formed of the hex-steel side of a carbon material also differ according to a gestalt. In order that a gestalt, 
a physical-properties value, and a detailed organization may influence the performance of an electrode greatly, various 
carbon materials are proposed. 

[0005] For example, the negative electrode using the comparatively amorphous carbon material shown in JP,61- 
111907,A, JP,62-90863,A, etc., JP,60- 182670, A, JP,60-221964,A, JP,4-155776,A, The negative electrode using the 
carbon material of a graphite system shown in JP,4-1 15467,A etc., Like the negative electrode using the carbon 
material of the graphite system which carried out surface treatment like JP,4-368778,A, JP,5-1 14421,A, and JP,5- 
12 1066, A, and JP,4-280068,A and JP,4-342958,A There is a negative electrode which paid its attention to the detailed 
organization of a carbon material instead of the crystallinity of a carbon material. 

[0006] However, powder or since it is fibrous, all of these carbon materials need to mix a binder, when making it into a 
carbon electrode. Therefore, these carbon materials have left the problem to the cycle property, when it is used for an 
actual electrode, even if the performance of the carbon material itself was good. On the other hand, the method of 
making the metal which may serve as a charge collector deposit a direct carbon material is proposed by JP,60-36315,A 
and JP,62-24555,A. The carbon material is created by the vapor growth in these official reports. The carbon material 
produced by the vapor growth shows the property which was excellent in the material itself. While what was directly 
deposited especially on the metal charge collector has an unnecessary binder, current collection shows eye a good 
hatchet, high capacity, and high cycle stability. 

[0007] As shown in the negative electrode which made the matter which has a catalysis on the occasion of the 
polymerization of polymeric materials as furthermore shown in JP,59-188578,A support, or JP,63-24585,A, there is a 
negative electrode which made the carbon material deposit on a substrate with a catalysis. The former makes polymeric 



materials a cell active material, and since a catalysis is also catalysis to the polymerization of a macromolecule, it 
differs in this invention and mind. On the other hand, since it is deposited with sufficient adhesion on a substrate at the 
same time the carbon material graphitized highly deposits the latter at low temperature, the bird clapper is known by 
the carbon electrode which was excellent in high capacity and the cycle property. 
[0008] 

[Problem(s) to be Solved by the Invention] The carbon electrode mentioned above and its manufacture method have 
some technical problems. First, in the case of a vapor growth, cost is high, and it has troubles, like it is difficult to 
control the homogeneity of the film which consists of a carbon material made to deposit. Moreover, although 
crystallinity goes up by raising the deposition temperature of a carbon material in the case of a vapor growth, if reaction 
temperature is raised, it will be hard coming to obtain the carbon electrode of a thick film. 

[0009] Moreover, by JP,4-92364,A and JP,5-347155,A, after infiltrating the precursor of a carbon material into the 
metal charge collector which consists of a three-dimensional structure object, the carbon electrode which it makes it 
come to solidify is indicated. For a low reason, by- the manufacture method of the carbon electrode indicated by these 
official reports, yield from the precursor of a carbon material to a carbon material cannot obtain a high-density carbon 
electrode easily. Moreover, when what has a high void content is used, you have to carry out to below the melting point 
of the metal with which the catalysis of carbonization cannot fully be received and heat treatment temperature also 
constitutes a metal charge collector. Therefore, crystallinity cannot be raised but there are problems, like sufficient 
service capacity is not obtained. 

[0010] On the other hand, the carbon electrode using the carbon material of powder, such as a graphite particle, as an 
active material is also known. However, this carbon electrode has a complicated process in order to take the method of 
grinding, putting in a suitable binder after producing a graphite particle, applying on a charge collector, and obtaining a 
carbon electrode. Moreover, when a graphite particle is used, irreversible capacity will exist at the time of first-time 
charge and discharge, and it will bar high capacity-ization of a cell. 

[001 1] In order to prevent forming the above-mentioned irreversible capacity, the method of using the graphite particle 
covered in the front face of a graphite particle with carbon with the front face of a graphite amorphous in carrying out 
reduction processing chemically beforehand is reported. Although first-time charge-and-discharge efficiency improves 
by these methods, it is the same as the above that there are many processes for manufacture of a carbon electrode. 
Moreover, since these carbon electrodes contain the binder for binding a graphite particle, an energy density does not 
fully go up. Moreover, a long-term cycle property is not enough. Therefore, it has not resulted in fundamental solution. 
[0012] 

[Means for Solving the Problem] As a result of inquiring wholeheartedly that the above-mentioned trouble should be 
solved, it found out that it was possible to solve a trouble by the following methods, and resulted in this invention. 
According to this invention, the carbon electrode for non-drainage system rechargeable batteries which the carbon 
material of low crystallinity is sintered and is characterized by the bird clapper from a graphite particle and this 
graphite particle on the metal charge collector which has a catalysis to carbonaceous graphitization, or under mediation 
is offered in this way. Furthermore, according to this invention, it consists of a negative electrode, a positive electrode, 
and an ion conductor at least, and the non-drainage system rechargeable battery characterized by a negative electrode 
being the above-mentioned carbon electrode for non-drainage system rechargeable batteries is offered. 
[0013] Moreover, according to this invention, the manufacture method of the carbon negative electrode for non- 
drainage system rechargeable batteries characterized by sintering a graphite particle and a carbon material on a metal 
charge collector or under mediation is offered by mixing the precursor of a carbon material with a graphite particle, and 
calcinating, after making the metal charge collector which has a catalysis to carbonaceous graphitization support the 
mixture subsequently. 

[0014] Furthermore, the manufacture method of the carbon negative electrode for non-drainage system rechargeable 
batteries characterized by sintering a graphite particle and a carbon material under a metal charge collector intervention 
is offered by making a metal charge collector support a graphite particle, infiltrating the precursor of a carbon material 
and subsequently to a metal charge collector, calcinating it by filling up with and compressing a graphite particle into 
the metal charge collector which consists of a three-dimensional structure object which has a catalysis to carbonaceous 
graphitization according to this invention. 
[001'5] 

[The mode of implementation of invention] The alloy with which the metal which can be used for the metal charge 
collector which has a catalysis to carbonaceous graphitization contains iron, cobalt, nickel, or one or more them is 
mentioned. Especially, since nickel cannot make carbide easily, it is suitable as a charge collector, and it is desirable 
also in cost. What pushed and hardened the shape of plate-like and a mesh, the letter of foaming, and the fibrous thing 
as a configuration of a metal charge collector is mentioned. In addition, the catalysis in this invention means the 
operation which can promote graphitization in process in which the precursor (a carbon precursor is called below) of a 



carbon material is carbonized, the capacity for a bird clapper to hold a graphite particle and a carbon material from 
three-dimensional structure objects, such as what pushed and hardened the shape of a mesh, the letter of foaming, and 
the fibrous thing especially, as a result of the artificer of this invention etc. repeating examination further — being high 
(that is, the pack density of an active material being high) — the desirable thing is found out By using the metal charge 
collector which consists of a three-dimensional structure object, the carbon electrode which was further excellent in the 
cycle property can be obtained. 

[0016] Furthermore, it is desirable that a three-dimensional structure object has 60 - 95% of void content. In the case of 
a larger void content than 95%, intensity of the current collection effect and an electrode etc. cannot fully be 
maintained. On the other hand, in the case of less than 60% of void content, the density of the active material contained 
in a carbon electrode will fall. Furthermore, it is desirable that the three-dimensional structure object consists of matrix- 
like metal wires of a 20-200-micrometer size. In the case of less than 20 micrometers, the metal wire itself acts as a 
catalyst, it is incorporated in carbon, or carbon carburizes in a metal wire, and a charge collector becomes weak. 
Therefore, intensity of the current collection effect and an electrode etc. cannot fully be maintained. On the other hand, 
when thicker than 200 micrometers, the density of the active material contained in a carbon electrode will fall. 
[0017] The charge-and-discharge capacity by the graphite particle by which the carbon electrode in this invention is 
sintered occupies the great portion of charge-and-discharge capacity of a carbon electrode. Here, as for the graphite 
particle which can be used for this invention, it is desirable that the average spacing (d002) of the field by the X-ray 
wide angle diffraction method (002) uses the material whose microcrystal thickness (La) of lOnm or more and the 
direction of a field (110) the microcrystal thickness (Lc) of 0. 335-0. 340nm and the direction of a field (002) is lOnm or 
more. The carbon electrode of high capacity can be obtained by using this material. 

[0018] Here, the physical properties in connection with the layer structure of a graphite particle are raised to the 
capacity and charge and discharge potential of a cell by making influence into a ****** factor. That is, they are the 
spacing of a field (002) (d002), i.e., the distance between layers, and the size of a microcrystal. Since the potential at 
the time of the day intercalation of a lithium turns into [ the degree of crystallinity of a graphite particle ] potential of a 
lithium high by the bird clapper closely, it is expectable to obtain the carbon electrode of high capacity more. 
Therefore, when it finishes setting up as a lithium secondary battery and the cell capacity which can be used is put into 
an idea, it is desirable that the average spacing (d002) of the field by the X-ray wide angle diffraction method (002) is 
0.335-0.340nm. Moreover, since crystallinity is low when each of Lc and La is lOnm or less, when it finishes setting up 
as a lithium secondary battery, the cell capacity which can be used becomes small. 

[0019] As a graphite particle which fulfills the above-mentioned physical-properties conditions, the artificial graphite 
obtained, for example from graphitizing carbons, such as a natural graphite, kish graphite, petroleum coke, or coal pitch 
coke, or an expanded graphite is mentioned, moreover — as the configuration of a graphite particle — the shape of a 
globular shape and a scale — you may be any of fibrous or those pulverization objects Especially, a globular shape, the 
shape of a scale, and those pulverization objects are desirable. 

[0020] Furthermore, as for the particle size of a graphite particle, it is desirable that it is 80 micrometers or less. Here, 
particle size means the particle size in which a peak exists in the particle size distribution searched for by particle-size- 
distribution measurement on the basis of volume. When the graphite particle of a larger particle size than 80 
micrometers is used, it is not desirable from points, such as diffusion of the amount of the graphite particle used 
effectively, and the lithium in a particle, and reduction of a reaction site. 

[0021] Next, the at least 1 section of a graphite particle and a metal charge collector is covered, and a graphite particle 
and the carbon material sintered should just be carbon materials which have low crystallinity rather than a graphite 
particle. If such a carbon material is used, the effect that first-time charge-and-discharge efficiency improves compared 
with the carbon electrode of only a graphite particle will be acquired. It is desirable that the microcrystal thickness (Lc) 
of 0.337nm or more and the direction of a field (002) is [ the microcrystal thickness (La) of lOnm or less and the 
direction of a field (110)] lOnm or less in physical properties for the average spacing (d002) of the field by the X-ray 
wide angle diffraction method (002). It is desirable to control baking conditions etc. to become such a carbon material. 
Here, a graphite particle and the physical-properties value of the sintered carbon material measure the physical- 
properties value of the carbon material when manufacturing a carbon electrode using the carbon precursor which is not 
mixing the graphite particle. However, manufacture conditions are the same processing temperature and the same 
processing time under the same catalyst existence as the case where a graphite particle is mixed. 
[0022] Moreover, as for the graphite particle after baking of a carbon precursor, and the ratio of the sintered carbon 
material, it is desirable from the point of service capacity that the sintered carbon material is 50% or less in a weight 
ratio. Especially a minimum should just be an amount from which there is nothing and only the intensity to which a 
graphite particle and a metal charge collector can bear electrode reaction is obtained. Here, the low crystalline carbon 
material with which it had the graphite particle and it has sintered the flat nature of potential on the other hand has **** 
in potential. Therefore, the configuration of a potential curve is controllable by adjusting both weight ratio. Therefore, 



the carbon material which it comes to sinter in the purpose controlled on arbitrary potential curves may be 50% or more 
in a weight ratio. 

[0023] The above-mentioned carbon electrode can be formed by the following methods. First, after covering the 
mixture which added and mixed arbitrary solvents and was obtained in the carbon precursor and graphite particle of a 
liquid or a solid-state with methods, such as an application and being immersed, into the arbitrary portions of a metal 
charge collector, it can form by calcinating this coating under inert atmospheres, such as nitrogen and an argon. 
Moreover, when using a three-dimensional structure object for a metal charge collector, the arbitrary portions of a 
metal charge collector are filled up with a graphite particle, and it can be made to be able to hold by subsequently 
compressing, the carbon precursor of a liquid or a solid-state can be infiltrated into this metal charge collector, and it 
can form by calcinating under inert atmospheres, such as nitrogen and an argon, after this. 

[0024] In addition, since a graphite particle and a carbon material can be uniformly held to a metal charge collector and 
dispersion in a carbon electrode can be suppressed when using a three-dimensional structure object for a metal charge 
collector between the two above-mentioned methods, the viewpoint whose reliability of the obtained rechargeable 
battery improves to the latter is desirable. Here, a carbon material can be formed by liquid-phase-carbonization process 
or solid-phase-carbonization process. When using the thing of a liquid state as a carbon precursor, it can mix with a 
graphite particle as it is, or can sink in and use for a metal charge collector. Furthermore, in order to control a weight 
ratio, viscosity, etc., it is also possible to use the carbon precursor diluted using the suitable solvent. When using the 
thing of a solid-state like polymeric materials as a carbon precursor, it is desirable to once heat polymeric materials, or 
to dissolve in a suitable solvent, to change into a melting state, and to mix with a graphite particle, or to infiltrate a 
metal charge collector. 

[0025] The carbon material formed by liquid-phase-carbonization process is carbon which heat-treats the raw material 
of carbon materials, such as tar and a pitch, in an inert atmosphere, advances carbonization by the liquid phase, and is 
formed as a result. The pressure atmosphere at the time of heat treatment of the programming rate of this method, 
reduced pressure, pressurization, etc. can be suitably chosen with the raw material of a carbon material. The carbon 
material formed by solid-phase-carbonization process is formed by making it solidify by heat-treating polymeric 
materials etc. Moreover, the formation temperature and carbonization temperature of a carbon material can be used 
from the temperature in which a carbon material begins to be formed to the temperature near the melting point of a 
metal with a catalysis, although it changes with methods of forming the raw material of a carbon material, and a carbon 
material, respectively. 

[0026] Moreover, when a carbon material is formed of liquid-phase-carbonization process, and when a carbon material 
is formed of solid-phase-carbonization process, according to the raw material of a carbon material, in advance of 
formation of a carbon material, the raw material of a carbon material can be heated under activity atmosphere, such as 
air, and fire-resistance-ized processing or non-deliquesce processing can also be performed at 200 degrees C - 400 
degrees C. As a solvent which can be added to a carbon precursor, a quinoline, benzene, a carbon tetrachloride, a N- 
methyl-2-pyrrolidone, a tetrahydrofuran, etc. are mentioned, for example. What is necessary is just to heat-treat a 
carbon precursor in an inert atmosphere according to the manufacture method of the above-mentioned carbon electrode. 
Moreover, since a metal charge collector has a catalysis to carbonaceous graphitization, heat treatment at low 
temperature can be performed and it can use as an electrode as it is. Therefore, a manufacturing process is simple and 
can reduce cost. 

[0027] When the above-mentioned carbon electrode is used for a non-drainage system rechargeable battery, side 
reaction, such as decomposition of an ion conductor, is suppressed and first-time charge-and-discharge efficiency is 
good. Moreover, since it couples directly on a metal charge collector or under mediation with the carbon material with 
which a graphite particle serves as an active material, an energy density is high and a cycle property is good. 
[0028] As this was mentioned above, since there is little side reaction, and since the front face is being worn with the 
carbon material of low crystallinity, insertion and desorption of a lithium tend to take place. Moreover, since the carbon 
material of low crystallinity eases the expansion contraction accompanying insertion and desorption of a lithium, the 
reasons of excelling also mechanically can be considered. Moreover, since a carbon electrode does not contain a binder, 
there is flexibility also in drying temperature, and shortening of time etc. is expectable if it dries at an elevated 
temperature. Furthermore, according to this invention, the non-drainage system rechargeable battery characterized by 
consisting of a negative electrode, a positive electrode, and an ion conductor at least, and using the carbon electrode 
mentioned above as a negative electrode is offered. The positive electrode in the non-drainage system rechargeable 
battery of this invention consists of a solid electrolyte etc. depending on a positive active material, electric conduction 
material, binding material, and the case. 

[0029] As a positive active material, the oxide which contained the lithium, for example can be used as a positive active 
material, for example, the oxide expressed with Lix My NZ 02 (here — M — Fe, Co, nickel, or Mn — it is — N — 
transition metals - it is the metal of 4B group or 5B group preferably, and 0<=x<=l and y express 0<=y<=l, and x 



expresses 0<=z<=l, as for z) can be used concrete — LiV02, LiCo02, LiNi02, LiFe02, and LiMn02 etc. — it is 
mentioned as a positive active material furthermore, as a positive active material which can be used, the oxide 
expressed with LiMn2-x Ny 04 (here — N - transition metals - it is the metal of 4B group or 5B group preferably, and 
x expresses 0<=x<=2, and y expresses 0<=y<=l) can be used, for example concrete — LiMn 204 etc. - it is mentioned 

[0030] Although carbon, such as carbon black (acetylene black, thermal black, channel black, etc.), graphite powder, a 
metal powder, etc. can be used for electric conduction material, it is not limited to this. Although polyolefme system 
polymer, such as fluorine system polymer, such as a polytetrafluoroethylene and a polyvinylidene fluoride, 
polyethylene, and polypropylene, and synthetic rubber can be used for binding material, it is not limited to this. 
[0031] To the positive-active-material 100 weight section, electric conduction material can be made into 5-50 weight 
section, and the mixing ratio of electric conduction material and binding material can make binding material 1-30 
weight section. If there is more binding material than 30 weight sections, since there is less electric conduction material 
than 5 weight sections, or resistance or polarization of a positive electrode etc. will become large and service capacity 
will become small, a practical lithium secondary battery is unproducible. electric conduction material — 50 weight 
sections - many (however, the weight section changes according to the kind of electric conduction material to mix) - 
since the amount of active materials contained in a positive electrode becomes less, service capacity becomes small 
Binding capacity will be lost if there is less binding material than 1 weight section. Moreover, since the amount of 
active materials in which it is contained in a positive electrode like the case of electric conduction material when there 
is more binding material than 30 weight sections becomes less, resistance or polarization of a positive electrode etc. 
becomes large like a publication further at the above and service capacity becomes small, it is not practical. In addition, 
when creating a positive electrode, in order to raise a binding property, it is desirable to heat-treat at the temperature 
before and behind the melting point of each binding material. 

[0032] Moreover, for example, the organic electrolytic solution, a solid polymer electrolyte, an inorganic solid 
electrolyte, fused salt, etc. can be used for an ion conductor. Also in this, the organic electrolytic solution can be used 
suitably. As an electrolyte of the organic electrolytic solution, lithium salt, such as a lithium perchlorate, hoe lithium 
fluoride, 6 fluoride [ phosphoric acid ] lithium, 6 fluoride arsenic lithium, a trifluoromethane sulfonic-acid lithium, a 
lithium halide, and a chlorination ulmin acid lithium, is mentioned. You may mix one sort or two sorts or more for 
these lithium salt. 

[0033] As a solvent of the organic electrolytic solution, ether, such as substitution tetrahydrofurans, such as ester, such 
as propylene carbonate, ethylene carbonate, butylene carbonate, diethyl carbonate, dimethyl carbonate, methylethyl 
carbonate, gamma-butyrolactone, methyl formate, and methyl acetate, and a tetrahydrofuran, 2-methyl tetrahydrofiiran, 
a dioxolane, diethylether, dimethoxyethane, diethoxy ethane, and methoxyethoxy ethane, dimethyl sulfoxide, a 
sulfolane, a methyl sulfolane, an acetonitrile, etc. are mentioned. These solvents are good even if one sort or a two-sort 
not less is mixed. The organic electrolytic solution can be prepared by dissolving an electrolyte in the above-mentioned 
solvent. However, the solvent and electrolyte which are used in case the organic electrolytic solution is prepared are not 
limited to what was hung up above. 

[0034] A separator is used in order to hold these ion conductors. As a separator, the Plastic solid of powder, such as 
nonwoven fabrics, such as plastic fiber of electric insulation, a glass fiber, and a natural fiber, or textile fabrics, and an 
alumina, etc. is mentioned. The nonwoven fabric of synthetic resin, such as polyethylene and polypropylene, is 
desirable from points, such as the stability of quality, especially. When a cell carries out unusual generation of heat, a 
separator fuses with heat, and some which added the function which intercepts between a positive electrode and 
negative electrodes have it, and it can also use these for the separator which consists of a nonwoven fabric of these 
synthetic resin suitably from a viewpoint of safety. Although especially limitation does not have the thickness of a 
separator, that it is possible to hold the ion conductor of an initial complement, and there should just be thickness which 
prevents the short circuit of a positive electrode and a negative electrode, an about 0.01 -1mm thing can usually be used, 
and it is about 0.02-0.05rnm preferably. The rechargeable battery of this invention obtained by the above has a high 
energy density, and is excellent in a cycle property and safety. 
[0035] 

[Example] An example explains invention concretely below. In addition, the method of measuring the size (Lc, La) of 
the microcrystal by the X-ray wide angle diffraction method was performed by the method indicated by a well-known 
method (technology company), for example, "carbon-material experiment technical 1 p55 - 63 Carbon Society of Japan 
editing 1 ', or JP,61-1 1 1907,A. Moreover, the form factor K which asks for the size of a microcrystal was set to 0.9. 
Furthermore, particle size was measured using the laser diffraction formula particle-size-distribution meter, and made 
particle size the portion which has a peak in particle size distribution. 

[0036] When using liquefied carbon precursors, such as a pitch, for an example 1 general target, you may mix with a 
graphite particle as it is. Moreover, it is also possible to add a suitable solvent and to adjust viscosity. In the example 1, 



area 2 and the nickel foil with a thickness of 50 micrometers of 4x2cm were used as a metal charge collector with a 
catalysis. It mixed so that it might be set to 95:25 by the weight ratio, using the quinoline soluble of a pitch as a 
graphite particle (27nm and La are [ the shape of the natural graphite from Madagascar, and a scale, the particle size of 
1 1 micrometers, and d002 ] 17nm, and specific surface area of 8m 2 / g for 0.337nm and Lc), and a carbon precursor. 
[0037] It is the mixture 2x2. 5cm to the above-mentioned nickel foil 2 It applied so that it might become. Subsequently, 
the metal charge collector was calcinated at 300 degrees C under nitrogen-gas-atmosphere mind for 2 hours, 
temperature was continuously raised to 1000 degrees C, it calcinated for 5 hours, and the carbon electrode was 
obtained. The carbon yield at the time of calcinating only the quinoline soluble of a pitch on these conditions was 20%. 
The weight ratio of the graphite particle of the obtained carbon electrode, a graphite particle, and the sintered carbon 
material was 95:5. Total carbon of a carbon electrode (the carbon material which covers a graphite particle and it is 
included) It was 1 17.2mg and was 276.4 micrometers in thickness, moreover, the amount (it is described as the active 
material density of an electrode below) of the carbon in the unit volume of this carbon electrode - 0.85 g/cm3 it was . 
[0038] Furthermore, electrode evaluation was performed, after having attached the current collection tab in the 
obtained carbon electrode, considering as the electrode for evaluation and performing reduced pressure drying at 150 
degrees C for 5 hours. Evaluation used the lithium for the counter electrode and the reference pole using 3 pole method. 
The ion conductor used what dissolved the lithium perchlorate of lmoldm-3 in 1:1 mixed solvents of ethylene 
carbonate and diethyl carbonate. The charge and discharge test charged and discharged to 1.5V continuously to 0V in 
the current value of 30mAg-l. The cycle property of a carbon electrode was investigated by such method. A result is 
shown in drawin g 1 . 

[0039] It is 2 4x2cm as a metal substrate with example 2 catalysis. The letter nickel of foaming was used. Moreover, 
the carbon precursor used the quinoline soluble of a pitch like the example 1 . Furthermore, a graphite particle is the 
shape of the natural graphite from Madagascar, and a scale, the particle size of 1 1 micrometers, and d002 like an 
example 1. 0.337nm and Lc used 27nm and La used 17nm, and specific surface area of 8m 2 / g. 
[0040] The carbon precursor and the graphite particle were mixed so that it might be set to 25:95 by the weight ratio. 
Foaming nickel was filled up with this, it calcinated on the same conditions as an example 1, and the carbon electrode 
was obtained. The structure of the obtained carbon electrode is shown in drawing 2 . A is the enlarged view of a carbon 
electrode among drawin g 2 , and a crystalline carbon material with 15 [ low / foaming nickel and 16 ] and 17 show the 
graphite particle, the hole of drawing 2 to foaming nickel 15 - it turns out that it is combined while the graphite 
particle 17 distributes to inside and foaming nickel 15 and the graphite particle 17 are covered with the low crystalline 
carbon material 16 The same method as an example 1 produced and estimated the electrode except having used the 
isochore product solvent of propylene carbonate and ethylene carbonate for the ion conductor. A result is shown in 
drawing 1 . 

[0041] The natural-graphite particle from Madagascar (for 0.337nm and Lc, 27nm and La are [ the shape of a scale, the 
particle size of 1 1 micrometers, and d002 ] 17nm and specific-surface-area 8m2/g) was used as an example of 
comparison 1 graphite particle. 

[0042] The polyvinylidene fluoride of 10 weight sections and the polyvinylidene fluoride which is a binder by mixed 
sweet red bean soup with mochi about a N-methyl-2-pyrrolidone were first dissolved to the graphite particle whole 
quantity. The paste of an active material was obtained by mixing and kneading the graphite particle which is an active 
material there. In order to raise a binding property at the same time it removes completely the N-methyl-2-pyrrolidone 
which is next and the solvent which the obtained paste was applied [ solvent ] to both sides of a copper foil charge 
collector, and dried this at 60 degrees C, it heat-treated at 240 degrees C, and the carbon electrode was obtained. The 
obtained carbon electrode was pressed and what carried out reduced pressure drying at 200 degrees C further for 
moisture removal was used as the electrode for an evaluation examination, the surface area of the obtained electrode — 
the thickness of 5cm2 and an electrode ~ 135 micrometers (the thickness of a charge collector is 50 micrometers), and 
the active material density of an electrode -- 0.92 g/cm3 it was . Thus, the evaluation same about the obtained electrode 
as an example 1 was performed. 

[0043] The quinoline soluble of a pitch was sunk into example of comparison 2 foaming nickel, it calcinated on the 
same conditions as an example 1 , and the carbon electrode was obtained. The obtained carbon electrode was pressed 
and it considered as the electrode for evaluation. The thickness of an electrode was 324 micrometers and the active 
material density of the electrode at that time was 0.42 g/cm3. Thus, the same evaluation as an example 1 was 
performed for the obtained electrode. A result is shown in drawing 1 . 

[0044] The carbon electrode was obtained by the same method as an example 2 except having made the charge of the 
quinoline soluble of an example 3 graphite particle and the pitch as a carbon precursor into the weight ratio 85:75. The 
weight ratio of the graphite particle in the obtained carbon electrode, a graphite particle, and the sintered carbon 
material was 85:15. The same method as an example 1 estimated this carbon electrode. A result is shown in Table 1. 
[0045] The carbon electrode was obtained by the same method as an example 2 except having set the charge of the 



KINORI extractives of an example 4 graphite particle and the pitch as a carbon precursor to 75:125 by the weight ratio. 
The weight ratio of the graphite particle in the obtained carbon electrode, a graphite particle, and the sintered carbon 
material was 75:25. Thus, the same method as an example 1 estimated the obtained carbon electrode. A result is shown 
in Table 1 . 

[0046] The carbon electrode was obtained by the same method as an example 2 except having set the charge of the 
quinoline soluble of an example 5 graphite particle and the pitch as a carbon precursor to 65:175 by the weight ratio. 
The weight ratio of the graphite particle in the obtained carbon electrode, a graphite particle, and the sintered carbon 
material was 65:35. Thus, the same method as an example 1 estimated the obtained carbon electrode. A result is shown 
in Table 1 . 

[0047] The carbon electrode was obtained by the same method as an example 2 except having set the charge of the 
quinoline soluble of an example 6 graphite particle and the pitch as a carbon precursor to 60:200 by the weight ratio. 
The weight ratio of the graphite particle in the obtained electrode, a graphite particle, and the sintered carbon material 
was 60:40. Thus, the same method as an example 1 estimated the obtained carbon electrode. A result is shown in Table 
1. 

[0048] The carbon electrode was obtained by the same method as an example 2 except having set the charge of the 
quinoline soluble of an example 7 graphite particle and the pitch as a carbon precursor to 55:225 by the weight ratio. 
The weight ratio of the graphite particle in the obtained carbon electrode, a graphite particle, and the sintered carbon 
material was 55:45. Thus, the same method as an example 1 estimated the obtained carbon electrode. A result is shown 
in Table 1. 

[0049] The carbon electrode was obtained by the same method as an example 2 except having set the charge of the 
quinoline soluble of an example of comparison 3 graphite particle, and the pitch as a carbon precursor to 45:275 by the 
weight ratio. The weight ratio of the graphite particle in the obtained carbon electrode, a graphite particle, and the 
sintered carbon material was 45:55. Thus, the same method as an example 1 estimated the obtained carbon electrode: A 
result is shown in Table 1 . 

[0050] The carbon electrode was produced like the example 2 except having used spherical carbon (1.8nm and La 
being [ the particle size of 6 micrometers, and dQ02 ] 1.2nm 5 and specific surface area of 5m 2 / g for 0.342nm and Lc) 
as an example of comparison 4 graphite particle, the thickness of the carbon electrode at that time — 345 micrometers — 
it is ~ active material density - 0.65 g/cm3 it was . The method same about the carbon electrode as an example 1 
estimated. A result is shown in Table 1 . 
[0051] 
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[0052] As shown in 2-7 of an example, 3 of the example of comparison, and 4, the amount of the graphite particle in a 
carbon electrode is understood that it is desirable that it is 50% or more in a weight ratio since the carbon electrode of 
high capacity density is obtained. Moreover, when it is instead of a graphite particle with crystalline low carbon, 
capacity density is low and a bird clapper is known. 

[0053] The stainless steel foil (SUS302 made from NIRAKO) with a thickness of 50 micrometers was used as a metal 



charge collector with example 8 catalysis, and the nodular-graphite particle (for 0.337nm and Lc, 13nm and La are [ the 
particle size of 6 micrometers and d002 ] 1 lnm, and specific surface area of 8m 2 / g) was used as a graphite particle. 
Next, the polyvinylidene fluoride as a carbon precursor was dissolved in the N-methyl-2-pyrrolidone, the graphite 
particle was mixed there, and it considered as the paste. The paste was applied to the metal charge collector, and it held 
at 300 degrees C among the nitrogen air current for 2 hours. The temperature up was carried out to 1000 degrees C 
after that, and the carbon electrode was obtained by holding at the temperature for 3 hours. The carbon electrode 
obtained by the same method as an example 1 was evaluated except having used what dissolved the lithium perchlorate 
of lmoldm-3 in 1:1 mixed solvents of ethylene carbonate and gamma-butyrolactone as an ion conductor. A result is 
shown in drawing 1 . 

[0054] It is 2 4x2cm as a metal charge collector with example 9 catalysis. As a graphite particle, the artificial-graphite 
particle (for 0.336nm and Lc, 25nm and La are [ the shape of Lonza, KS-25, and a scale, the particle size of 8 
micrometers, and d002 ] 16nm, and specific surface area of 12m 2 / g) was used using the letter nickel of foaming. 
Subsequently, the powder of the vinyl chloride resin as a carbon precursor was dissolved in the tetrahydrofiiran, and it 
mixed with the above-mentioned graphite particle. It was infiltrated into foaming nickel, it calcinated on the same 
conditions as an example 1, and the carbon electrode was obtained. The evaluation same about the obtained carbon 
electrode as an example 1 was performed. A result is shown in drawing 1 . 

[0055] Each physical-properties value of the graphite particle used in the above-mentioned examples 1-9 and the 
examples 1-4 of comparison, the kind of carbon precursor, and the weight ratio (graphite particle : carbon material) of 
the graphite particle after sintering and a carbon material were summarized in Table 2. 
[0056] 
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[0057] In addition, the example 1 of comparison is performed to the well which compares with the carbon electrode of 
this invention the carbon electrode produced by the conventional carbon-electrode production method, and the example 
2 of comparison is performed in order to compare with the carbon electrode of this invention the carbon electrode 
which does not contain a graphite particle. Moreover, examples 3-7 and the examples 3-4 of comparison are performed 



in order to determine the weight ratio of a graphite particle and a carbon material. Furthermore, examples 8 and 9 show 
the carbon electrode which the carbon precursor was changed with the example 1 and produced it. 
[0058] 2 and 80% of void contents with an area of 4x2cm, and foaming nickel of 50 micrometers of sizes of a metal 
wire were used as a metal charge collector with example 10 catalysis. It mixed so that it might be set to 90:50 by the 
weight ratio, using the quinoline soluble of a pitch as a graphite particle (27nm and La are [ the shape of the natural 
graphite from Madagascar, and a scale, the particle size of 1 1 micrometers, and d002 ] 17nm, and specific surface area 
of 8m 2 / g for 0.337nm and Lc), and a carbon precursor. 

[0059] The above-mentioned foaming nickel was filled up with the mixture. Subsequently, the metal charge collector 
was calcinated at 300 degrees C under nitrogen-gas-atmosphere mind for 2 hours, and continuously, temperature was 
raised to 1000 degrees C and calcinated for 5 hours. The carbon electrode was obtained by compressing the acquired 
baking object. The carbon yield at the time of calcinating only the quinoline soluble of a pitch on these conditions was 
20%. The weight ratio of the graphite particle of the obtained carbon electrode, a graphite particle, and the sintered 
carbon material was 9:1. Total carbon of a carbon electrode (the carbon material which covers a graphite particle and it 
is included) It was 102. 3mg and was 1 16.5 micrometers in thickness, moreover, the amount (it is described as the 
active material density of an electrode below) of the carbon in the unit volume of this carbon electrode -1.10 g/cm3 it 
was . 

[0060] Furthermore, electrode evaluation was performed, after having attached the current collection tab in the 
obtained carbon electrode, considering as the electrode for evaluation and performing reduced pressure drying at 150 
degrees C for 5 hours. Evaluation used the lithium for the counter electrode and the reference pole using 3 pole method. 
The ion conductor used what dissolved the lithium perchlorate of lmoldm-3 in 1 : 1 mixed solvents of ethylene 
carbonate and diethyl carbonate. The charge and discharge test charged and discharged to 1.5V continuously to 0V in 
the current value of 30mAg-l. The cycle property of a carbon electrode was investigated by such method. A result is 
shown in drawing 3 . In addition, the cycle property of an example 1 is also shown in drawing 3 for comparison. As 
shown in this drawing, by using a three-dimensional structure object as a metal charge collector, the density of the 
active material contained in a carbon electrode can be raised, and the carbon electrode of high capacity density can be 
obtained. Moreover, since there is little carbonaceous defluxion, the carbon electrode which was excellent also in the 
cycle property can be obtained. 

[0061] As a metal charge collector with example 1 1 catalysis, the carbon electrode was created on the same conditions 
as an example 10 except having used 96% of void contents, 93%, 70%, 60%, and 55% (an average of 50 micrometers 
of metal-wire sizes [ Respectively ]) of thing. Furthermore, capacity density was measured like the example 10. The 
result is shown in drawin g 4 . In addition, when the carbon electrode of 96% of void contents was compressed, it 
collapsed and was not able to measure capacity density. 

[0062] As a metal charge collector with example 12 catalysis, the carbon electrode was created on the same conditions 
as an example 10 except having used the thing (an average of 15 micrometers of sizes of a metal wire, 30 micrometers, 
100 micrometers, 180 micrometers, and 220 micrometers (85% of void contents [ Respectively ])). Furthermore, 
capacity density was measured like the example 10. The result is shown in drawing 5 . In addition, when the carbon 
electrode of an average of 15 micrometers of sizes of a metal wire was compressed, it collapsed and was not able to 
measure capacity density. In using a three-dimensional structure object as a metal charge collector so that the above- 
mentioned examples 1 1 and 12 may show, a void content has [ the size of 60 - 95%, and/or a metal wire ] high intensity 
by using what is an average of 20-200 micrometers, and it turns out that a carbon electrode with large capacity density 
(more than 300 mAh/cm3) is obtained. 

[0063] The same metal charge collector as example 13 example 10 was filled up with the graphite particle (for 0.337nm 
and Lc, 27nm and La are [ the shape of the natural graphite from Madagascar, and a scale, the particle size of 1 1 
micrometers, and d002 ] 17nm, and specific surface area of 8m 2 / g). The graphite particle was made to hold in the 
three-dimensions structure by compressing it. The quinoline soluble of a pitch was infiltrated into the three- 
dimensional structure object holding the graphite particle as a carbon precursor. Then, the carbon electrode was 
obtained like the example 10. When calculated from weight change of the obtained carbon electrode, the weight ratio of 
a graphite particle, a graphite particle, and the sintered carbon material was 9:1. Total carbon of a carbon electrode (the 
carbon material which covers a graphite particle and it is included) It was 1 15.3mg and was 1 12.6 micrometers in 
thickness, moreover, the amount (it is described as the active material density of an electrode below) of the carbon in 
the unit volume of this carbon electrode - 1.28 g/cm3 it was . 

[0064] Then, the carbon electrode obtained by the same method as an example 10 was evaluated. A result is shown in 
drawing 3 . It turns out that it fills up with the carbon material to the interior, and degradation of the capacity density by 
cycle examination can suppress the carbon electrode obtained by the manufacture method of an example 13. In 
addition, it turns out that it fills up the direction of an example 13 with the carbon material to the interior as compared 
with the carbon electrode of an example 10. From this, it is thought that degradation of capacity density can suppress 



more because of defluxion of the carbon material by the repeat of charge and discharge decreasing more. 
[0065] A positive electrode is produced by the example 14 general target by mixing a positive active material, electric 
conduction material, and a binder. Metallic materials, such as carbon, such as carbon black and a graphite, or a metal 
powder, and metal wool yarn, etc. are suitably used for electric conduction material. Although a binder is also mixable 
with powder, what was distributed by the solvent in order to raise dispersibility more and to raise a binding property, 
and the dissolved thing may be mixed to a solvent. Moreover, when what was distributed or dissolved in the solvent 
such is used, it is necessary to remove by meanses, such as vacuum processing or heat treatment. It is also possible by 
furthermore heat-treating at the temperature near the melting point depending on the kind of binder to raise a binding 
property further. 

[0066] In this example, to the LiCo02 100 weight section as a positive active material, 10 weight sections mixture of 
10 weight sections and the polytetrafluoroethylene powder as a binder was carried out for the acetylene black as an 
electric conduction agent, and what fabricated this on the pellet of 15phi was used as a positive electrode. The thickness 
of this positive electrode was 0.8mm. In an ion conductor, it is LiPF6 of lmoldm-3 to 1:1 mixed solvents of ethylene 
carbonate and diethyl carbonate. What was dissolved was used. 

[0067] The nonwoven fabric of polypropylene was used for the separator. The coin type cell (20mmphi, thickness of 
20mm) shown in drawin g 6 was produced using what pierced the carbon electrode obtained by the operation same as a 
negative electrode as an example 2 to 15phi (thickness of 0.5mm). The charge and discharge test was performed by the 
1mA constant current, and the potential range of charge and discharge was set to 2.7-4.1 V. Moreover, as composition 
of a cell, a positive electrode is put in superfluously, and it was made to be regulated by the capacity of a negative 
electrode. Subsequently, the cycle property was investigated about the produced cell. A result is shown in drawin g 7 . 
[0068] Except having used for the negative electrode what pierced the carbon electrode obtained by the same operation 
as example 15 example 9 to 15mmphi (thickness of 0.5mm), the cell was produced like the example 14 and the cycle 
property was investigated. A result is shown in drawing 7 . 

[0069] It is the carbon electrode obtained by the same operation as example 16 example 2 7x4mm 2 It started in the 
size and considered as the negative electrode. 350 micrometers and the active material density of the carbon electrode 
at this time of the thickness of the negative electrode at that time were 1.02 g/cm3. 

[0070] Subsequently, as a positive active material, weighing capacity of a lithium carbonate, cobalt carbonate, and the 
antimony trioxide was carried out, respectively so that it might be set to 1 :0.95:0.05 by the ratio of a lithium atom, a 
cobalt atom, and an antimony atom. After mixing this with a mortar, it calcinated at 900 degrees C among air for 20 
hours, and the powder of a positive active material was obtained by grinding with a mortar after that. This active 
material is LiCo0.95Sb 0.05O2. It had composition. Thus, the positive electrode was produced by the same operation 
as an example 14, using the obtained material as a positive-electrode material. 

[0071] It is the positive electrode obtained by making it such 7x4mm 2 It started in the size and has arranged on both 
sides of a negative electrode. It was obturated by heat weld using the laminate film which consists of aluminum, and 
the thin shape cell shown in drawin g 8 was produced, here — the inside of drawin g 8 , and 9 - in a negative electrode 
and 10, a positive-electrode collecting electrode plate and 13 show the negative-electrode collecting electrode plate, 
and, as for a positive electrode and 11,14 shows the lamination pack, as for a separator and 12 The cycle property of 
the obtained cell was investigated. A result is shown in drawing 7 . 

[0072] The carbon electrode produced by the same operation as the example 1 of example of comparison 5 comparison 
was pierced in the size of 15mmphi, and the coin type cell was produced by the same method as an example 14. The - 
cycle property was investigated about the obtained cell. A result is shown in drawin g 7 . 

The carbon electrode produced by the same operation as the example 2 of example of comparison 6 comparison was 
pierced in the size of 15mmphi, and the coin type cell was produced by the same method as an example 14. The cycle 
property was investigated about the obtained cell. A result is shown in drawing 7 . 

[0073] The coin type cell was produced by the same method as an example 14 except using the carbon electrode of 
example 17 example 10. The cycle property was investigated about the obtained cell. A result is shown in drawing 9 . 
The coin type cell was produced by the same method as an example 14 except using the carbon electrode of example 

18 example 13. The cycle property was investigated about the obtained cell. A result is shown in drawing 9 . 

The coin type cell was produced by the same method as an example 14 except using the carbon electrode of example 

19 example 1. The cycle property was investigated about the obtained cell. A result is shown in drawing 9 . The 
example 17 which used the three-dimensional structure object for the carbon electrode can raise the number of cycles 
more to the rechargeable battery of an example 19 so that drawing 9 may show. Furthermore, if the carbon electrode 
which a graphite particle is filled up with and compressed at a three-dimensional structure object, and infiltrated the 
carbon precursor and made it sinter after that like an example 1 8 is used, the number of cycles can be raised more. 
[0074] 

[Effect of the Invention] Since a crystalline carbon material lower than a graphite particle and this graphite particle is 



sintered and it is characterized by the bird clapper on the metal charge collector which has a catalysis to carbonaceous 
graphitization, or under an intervention, side reaction, such as decomposition of an ion conductor, is suppressed and the 
carbon electrode for non-drainage system rechargeable batteries of this invention has first-time good charge-and- 
discharge efficiency, when it is used for a non-drainage system rechargeable battery. Moreover, since the graphite 
particle is sintered on the carbon material used as an active material, and a metal charge collector, or under the 
intervention, an energy density is high and a cycle property is good. Since the front face of a carbon electrode becomes 
that above-mentioned side reaction suppressed from the carbon material of low crystallinity, this is considered to be for 
insertion and desorption of a lithium to tend to take place. Furthermore, since the carbon material of low crystallinity 
eases the expansion contraction accompanying insertion and desorption, also mechanically, it excels again. Moreover, 
since a binder is not included in a carbon electrode, there is flexibility also in drying temperature, and shortening of 
time etc. is expectable if it dries at an elevated temperature. 

[0075] Furthermore, the average spacing (d002) of the field according [ a graphite particle ] to an X-ray wide angle 
diffraction method (002) can obtain the carbon electrode of high capacity more, when the microcrystal thickness (Lc) 
of 0.335-0.340nm and the direction of a field (002) is [ the microcrystal thickness (La) of lOnm or more and the 
direction of a field (110)] lOnm or more. Moreover, by the bird clapper, since it can heat-treat at low temperature, the 
carbon electrode which consists of a metal charge collector without the bad influence by heat treatment can be obtained 
from the alloy with which the metal charge collector which has a catalysis to carbonaceous graphitization contains iron, 
nickel, cobalt, or one or more them. 

[0076] Furthermore, in a heat treatment process, carbide cannot be easily formed for the metal charge collector which 
has a catalysis to carbonaceous graphitization of a bird clapper from the three-dimensional structure object of nickel, 
and a carbon electrode cheap also in cost is obtained, moreover - while being able to raise the density of the active 
material in a carbon electrode - an active material - adhesion - good - maintenance ****-- since things are made, a 
cycle property can be raised Moreover, a three-dimensional structure object can fully maintain the intensity of the 
current collection effect and an electrode etc. by consisting of 60 - 95% of a void content, and/or a matrix-like metal 
wire of a 20-200-micrometer size, moreover, the density of the active material contained in a carbon electrode - 
increase ****-- things are made Since the non-drainage system rechargeable battery of this invention consists of a 
negative electrode, a positive electrode, and an ion conductor at least and it is characterized by a negative electrode 
being a carbon electrode for non-drainage system rechargeable batteries of the above-mentioned publication, an energy 
density becomes it is high and possible [ obtaining the non-drainage system rechargeable battery excellent in a cycle 
property and safety ]. 

[0077] The manufacture method of the carbon negative electrode for non-drainage system rechargeable batteries of this 
invention consists of two kinds of following methods. First, it is characterized by sintering a graphite particle and a 
carbon material on a metal charge collector or under mediation by mixing the precursor of a carbon material with a 
graphite particle, and calcinating, after making the metal charge collector which has a catalysis to carbonaceous 
graphitization support the mixture subsequently. Moreover, it is characterized by sintering a graphite particle and a 
carbon material under metal charge collector mediation by making a metal charge collector support a graphite particle, 
infiltrating the precursor of a carbon material and subsequently to a metal charge collector, calcinating it by filling up 
with and compressing a graphite particle into the metal charge collector which consists of a three-dimensional structure 
object which has a catalysis to carbonaceous graphitization. 

[0078] Therefore, that what is necessary is just to heat-treat a carbon precursor in an inert atmosphere, according to the 
effect of a catalysis, heat treatment at low temperature may be used, and it can use as a carbon electrode as it is. 
Therefore, a manufacturing process is simple and can make cost cheap. Moreover, the density of.the active material 
contained in a carbon electrode can be raised by the latter method, and the carbon electrode of high capacity density 
can be obtained more. Furthermore, since a carbon electrode can be manufactured with sufficient homogeneity, 
dispersion between carbon electrodes can be suppressed. Therefore, the reliability at the time of using it for a 
rechargeable battery improves. 



[Translation done.] 



